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,Q WKLV SDSHU D SURSRVDO LV PDGH RI DQ DGDSWLYH FRXSOLQJ IXQFWLRQ IRU DFKLHYLQJ V\QFKURQL]DWLRQ
EHWZHHQ WZR ODVHUV VXEMHFW WR RSWLFDO IHHGEDFN6XFK D FRQWURO VFKHPH UHTXLUHV NQRZOHGJH RI WKH
V\VWHPV
 SDUDPHWHUV :H GHPRQVWDWH WKDW ZKHQ WKHVH SDUDPHWHUV DUH QRW DYDLODEOH RQOLQH SD
UDPHWHU HVWLPDWLRQ FDQ EH DSSOLHG
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7KH VHPLQDO SDSHUV E\ 3HFRUD DQG &DUUROO > @ DQG 2WW &*UHERJL DQG -$<RUNH >@ RQ FKDRV
V\QFKURQL]DWLRQ KDYH VWLPXODWHG D ZLGH UDQJH RI UHVHDUFK DFWLYLW\  D UHFHQW FRPSUHKHQVLYH UHYLHZ
RI VXFK ZRUN LV IRXQG LQ WKH IRFXVVHG LVVXHV RQ FKDRV FRQWURO >@ DQG UHIHUHQFHV WKHUHLQ $SSOL
FDWLRQ RI FKDRV FRQWURO WKHRU\ FDQ EH IRXQG LQ VHFXUH FRPPXQLFDWLRQVRSWLPL]DWLRQ RI QRQOLQHDU
V\VWHP SHUIRUPDQFH DQG PRGHOLQJ EUDLQ DFWLYLW\ DQG SDWWHUQ UHFRJQLWLRQ SKHQRPHQD >@ $ SDU
WLFXODU IRFXV RI WKH ZRUN EHLQJ WKH GHYHORSPHQW RI VHFXUH RSWLFDO FRPPXQLFDWLRQV V\VWHPV EDVHG
RQ FRQWURO DQG V\QFKURQL]DWLRQ RI ODVHU FKDRV >@)RU SUDFWLFDO XVH RI WKLV DSSURDFK SDUWLFXODU
HPSKDVLV LV JLYHQ WR WKH XVH RI FKDRWLF VHPLFRQGXFWRU ODVHUV VHH HJ >@ ,W KDV EHHQ VKRZQ >@
WKDW VHFXULW\ FDQQRW EH JXDUDQWHHG LQ D FRPPXQLFDWLRQV IRUPDW XVLQJ VLPSOH FKDRWLF V\VWHPV 
LH WKRVH ZLWK D VLQJOH SRVLWLYH /\DSXQRY H[SRQHQW ,W LV WKXV DSSUHFLDWHG WKDW WR REWDLQ UHOLDEOH
FRPPXQLFDWLRQV V\VWHPV DWWHQWLRQ VKRXOG EH GLUHFWHG DW K\SHUFKDRWLF V\VWHPV  LH WKRVH ZLWK
ZLWK WZR RU PRUH SRVLWLYH /\DSXQRY H[SRQHQWV ,W KDV EHHQ FODLPHG SUHYLRXVO\ WKDW WKH QXPEHU
RI GULYLQJ YDULDEOHV QHHGHG IRU V\QFKURQL]DWLRQ LQ FDVH RI K\SHUFKDRWLF V\VWHPV VKRXOG EH HTXDO
WR WKH QXPEHU RI SRVLWLYH /\DSXQRY H[SRQHQWV >@ +RZHYHU VXFK D UHTXLUHPHQW LV KLJKO\ XQ
GHVLUDEOH LQ FRPPXQLFDWLRQ DSSOLFDWLRQV DV PRVW FRPPXQLFDWLRQ VFKHPHV XVH MXVW RQH VLJQDO IRU
WUDQVPLVVLRQ >@ 0RUH UHFHQWO\ LW ZDV DUJXHG > @ WKDW K\SHUFKDRV FRQWURO LV SRVVLEOH XVLQJ
IHZHU GULYLQJ YDULDEOHV WKDQ WKH QXPEHU RI SRVLWLYH /\DSXQRY H[SRQHQWV >@ DQG LQGHHG HYHQ ZLWK
]HUR GULYLQJ YDULDEOHV XVLQJ WKH PHWKRG RI SDUDPHWHU FKDQJH DGYRFDWHG LQ >@ 0RUHRYHU  LW KDV
EHHQ VKRZQ UHFHQWO\ WKDW K\SHUFKDRV FRQWURO LV SRVVLEOH ZLWK D VLQJOH YDULDEOH HYHQ LQ WKH FDVH RI
WLPH GHOD\ V\VWHPV ZKHQ WKH QXPEHU RI SRVLWLYH /\DSXQRY H[SRQHQWV LQ SULQFLSOH FDQ EH LQnQLWH
>@7KLV UHVXOW LV RI SDUWLFXODU LPSRUWDQFH IRU WKH XVH RI H[WHUQDO FDYLW\ ODVHU GLRGHV IRU FKDRWLF
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RSWLFDO FRPPXQLFDWLRQV > @ ,Q DGGLWLRQ WR DSSOLFDWLRQV LQ FRPPXQLFDWLRQV WKH LPSOLFDWLRQV RI
WKH VWXG\ RI V\QFKURQL]DWLRQ SKHQRPHQRQ LQ WLPHGHOD\HG V\VWHPV FDQ EH FRQVLGHUHG DV D VSHFLDO
FDVH RI VSDWLRWHPSRUDO FKDRV FRQWURO 7LPHGHOD\ V\VWHPV DUH LQnQLWHGLPHQVLRQDO DQG PRUH LQ
WHUHVWLQJO\ E\ FKDQJLQJ WKH WLPHGHOD\ RQH FDQ REWDLQ GLmHUHQW QXPEHUV RI WKH SRVLWLYH /\DSXQRY
H[SRQHQWV > @
,Q >@ DQG >@ XVH LV PDGH RI ERWK XQLGLUHFWLRQDO DQG ELGLUHFWLRQDO FRXSOLQJV EHWZHHQ WKH PDVWHU
DQG VODYH WLPHGHOD\ V\VWHPV7KHQ DQ HVWLPDWH LV PDGH RI WKH FRXSOLQJ VWUHQJWK IRU WKH JLYHQ
FRXSOLQJ IXQFWLRQ QHHGHG IRU WKH V\QFKURQL]DWLRQ EHWZHHQ WKH GULYH DQG UHVSRQVH WLPHGHOD\ V\V
WHPV8VXDOO\ WZR G\QDPLFDO V\VWHPV DUH WHUPHG V\QFKURQL]HG LI WKH GLmHUHUHQFH EHWZHHQ WKHLU
VWDWHV FRQYHUJHV WR ]HUR IRU W >@5HFHQWO\ >@ D JHQHUDOL]DWLRQ RI WKLV FRQFHSW ZDV SUR
SRVHG ZKHUH WZR V\VWHPV DUH WHUPHG DV EHLQJ V\QFKURQL]HG LI D IXQFWLRQDO UHODWLRQ H[LVWV EHWZHHQ
WKH VWDWHV RI ERWK V\VWHPV
,Q WKLV SDSHU ZH SURSRVH D JHQHUDO DGDSWLYH FRXSOLQJ OLQNLQJ IXQFWLRQ QHHGHG IRU V\QFKURQL]DWLRQ
EHWZHHQ WZR WLPHGHOD\ V\VWHPV7KXV ZH DUH QRW LPSRVLQJ WKUHVKROG UHVWULFWLRQV RQ WKH FRXSOLQJ
VWUHQJWK
/DVHU V\VWHPV ZLWK RSWLFDO IHHGEDFN DUH SURPLQHQW UHSUHVHQWDWLYHV RI WLPHGHOD\ V\VWHPV> 
@,Q WKH OLJKW RI WKLV ZH DOVR DSSO\ WKH SURSRVHG DSSURDFK WR WKH FDVH RI V\QFKURQL]DWLRQ EHWZHHQ
WZR ODVHUV VXEMHFW WR RSWLFDO IHHGEDFN 2XU UHVXOWV VKRZ WKDW RQH FDQ XVH D WLPH GHOD\ FRXSOLQJ
IXQFWLRQ WR DFFRPSOLVK V\QFKURQL]DWLRQ EHWZHHQ WKH ODVHU V\VWHPV DQG WKLV V\QFKURQL]DWLRQ PHWKRG
LV GLmHUHQW IURP WKDW RI > @ :H DUJXH WKDW VXFK D GLYHUVLW\ DOORZV IRU PRUH oH[LELOLW\ LQ SUDF
WLFDO FRQWURO SUREOHPV
8VXDOO\ LQ WKH FRQWH[W RI QRQOLQHDU G\QDPLFDO V\VWHPV WKH PHWKRG RI DGDSWLYH FRQWURO DSSOLHV
D IHHGEDFN ORRS LQ RUGHU WR GULYH WKH V\VWHP SDUDPHWHU RU SDUDPHWHUV WR WKH YDOXHV UHTXLUHG
VR DV WR DFKLHYH D WDUJHW VWDWH 7KLV LV DFKLHYHG E\ DGGLQJ WKH HTXDWLRQ IRU WKH HYROXWLRQ RI
WKH SDUDPHWHUV WR WKH HYROXWLRQ G\QDPLFV RI WKH G\QDPLFDO V\VWHPV >@ 6XFK D VFKHPH LV
DGDSWLYH EHFDXVH WKH SDUDPHWHUV ZKLFK GHWHUPLQH WKH QDWXUH RI WKH G\QDPLFV VHOIDGMXVW RU DGDSW
WKHPVHOYHV WR \LHOG WKH GHVLUHG G\QDPLFV
,Q WKLV SDSHU ZH XVH WKH WHUP 
DGDSWLYH
 LQ D VOLJKWO\ GLmHUHQW VHQVH 7KH SURSRVHG PHWKRG RI
FKDRV V\QFKURQL]DWLRQ EHWZHHQ WZR FKDRWLF V\VWHPV FDQ DOVR EH LQWHUSUHWHG DV IROORZV ZH DSSO\
D FRQWURO ODZ WR WKH SURFHVV PRGHO WR UHDFK WKH UHIHUHQFH PRGHO GHVLUHG RU WDUJHW VWDWH ZKLFK
LQ SULQFLSOH FDQ EH HQWLUHO\ GLmHUHQW IURP WKH SURFHVV PRGHO QRW RQO\ GXH WR SDUDPHWHUV PLV
PDWFKHV EXW DOVR E\ VWUXFWXUH DQGRU G\QDPLFV LQ RWKHU ZRUGV WKH WDVN LV WR GHVLJQ D FRQWURO
IRUFH DQG DSSO\ LW WR WKH SURFHVV PRGHO WR UHDFK DQ HQWLUHO\ GLmHUHQW WDUJHWHG VWDWH 6XFK D
VFKHPH LV DOVR DGDSWLYH DV LQ WKH DERYH SURFHGXUH WKH OLQNDJH IXQFWLRQ GHSHQGLQJ RQ WKH QDWXUH
RI WKH V\VWHPV
 G\QDPLFV VWUXFWXUH VHOIDGMXFW RU DGDSW WKHPVHOYHV WR \LHOG WKH GHVLUHG G\QDPLFV
>@ %\ GHnQLWLRQ WKH DGDSWLYH SULQFLSOH LV UHPDUNDEO\ UREXVW DQG DQG HpFLHQW LQ JHQHULF QRQOLQ
HDU V\VWHPV DQG PD\ WKHUHIRUH EH RI LPPHQVH XWLOLW\ LQ D ODUJH YDULHW\ RI SUDFWLFDO FRQWURO SUREOHPV
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)ROORZLQJ >@ ZH ZULWH WKH WLPHGHOD\ V\VWHP XQGHU FRQVLGHUDWLRQ LQ WKH IRUP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ZKHUH I DQG J DUH DUELWUDU\ WLPH GHOD\ IXQFWLRQV VXFK WKDW WKH FRUUHVSRQGLQJ G\QDPLFV H[KLELW
FKDRWLF EHKDYLRU[ X  [W b ~ \ Y  \W b ~ ZKHUH ~ LV WKH WLPHGHOD\ WKH WHUP : [ \ LQ
HTXDWLRQ  LV UHVSRQVLEOH IRU FRXSOLQJ OLQNDJHEHWZHHQ WKH PDVWHU GULYLQJ nUVW HTXDWLRQ LQ
DQG VODYH UHVSRQVH VHFRQG HTXDWLRQ LQ  V\VWHPV 7KH UHOD[DWLRQ WHUPV SURSRUWLRQDO WR [
DQG \ XVXDOO\ ZULWWHQ VHSDUDWHO\ LQ WKH ULJKW KDQG VLGHV RI WKH V\VWHP  DUH LQFRUSRUDWHG LQWR
WKH I DQG J ,Q DGGLWLRQ RQH KDYH WR NHHS LQ PLQG WKDW LQ JHQHUDO WKH G\QDPLFDO YDULDEOHV DQG
I J DQG : FDQ EH KLJK GLPHQVLRQDO YHFWRUV
/HW XV FKRRVH WKH DGDSWLYH FRXSOLQJ IXQFWLRQ RU FRQWURO LQSXW : 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 LQ WKH V\VWHP  DV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ZLWK 4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ZKRVH VROXWLRQ GHFD\V H[SRQHQWLDOO\ *HQHUDOL]DWLRQ WR WKH FDVH RI GLmHUHQW GHOD\ IXQFWLRQV ZLWK
GLmHUHQW WLPH GHOD\V ~ Z DQG ~ [ LV VWUDLJKWIRUZDUG ,Q WKLV FDVH RQH FDQ FKRRVH WKH FRXSOLQJ IXQFWLRQ
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7KH LGHD EHKLQG WKH ZD\ RI FKRRVLQJ WKH DGDSWLYH FRXSOLQJ RU FRQWURO LQSXW WR DFKLHYH V\QFKUR
QL]DWLRQ LV WR FDQFHO WKH QRQOLQHDU WHUPV RI WKH V\VWHP :H ZDQW WR OLQHDUL]H WKH V\VWHP WR PDNH
LW PRUH WUDFWDEOH DQG WR XVH OLQHDU FRQWURO WKHRU\ 6RPHWLPHV WKLV DSSURDFK LV FDOOHG IHHGEDFN
OLQHDUL]DWLRQ VHH IRU PRUH GHWDLOV DQG SLWIDOOV HJ >@ DQG UHIHUHQFHV WKHUHLQ

$V LQGLFDWHG DERYH PDQ\ ODVHU FRPPXQLFDWLRQ V\VWHPV DUH SURPLQHQW UHSUHVHQWDWLYHV RI WLPHGHOD\
V\VWHPV ,Q WKLV ZRUN ZH DSSO\ WKH SURSRVHG DSSURDFK WR WKH FDVH RI V\QFKURQL]DWLRQ EHWZHHQ WZR
VHPLFRQGXFWRU ODVHUV VXEMHFW WR RSWLFDO IHHGEDFN 7KHUH FDQ EH GLmHUHQW W\SHV RI FRXSOLQJV EHWZHHQ
WKH VODYH DQG PDVWHU V\VWHPV)RU H[DPSOH LQ >@ WKH OLJKW WKDW LV LQMHFWHG LQWR WKH VODYH V\VWHP LV
LQFOXGHG LQ WKH HTXDWLRQV LQ D ZD\ VLPLODU WR WKH OLJKW FRPLQJ IURP WKH H[WHUQDO UHVRQDWRU7KLV DS
SURDFK LV ZLGHO\ XVHG WR GHVFULEH WKH HmHFWV RI FRKHUHQW OLJKW LQMHFWLRQ LQWR VHPLFRQGXFWRU ODVHUV,Q
WKLV SDSHU ZH SURSRVH D QHZ W\SH RI FRXSOLQJ EHWZHHQ PDVWHU DQG VODYH V\VWHPV WR DFKLHYH V\Q
FKURQL]DWLRQ EHWZHHQ WKHVH V\VWHPV$ JHQHUDO IRUP IRU V\QFKURQL]DWLRQ FRQGLWLRQ LV REWDLQHG IURP
D FRQVLGHUDWLRQ RI WKH IROORZLQJ V\VWHPV RI WKH /DQJ.RED\DVKL HTXDWLRQV >@ IRU WKH UHDO HOHF
WULF nHOG DPSOLWXGH (W VORZO\ YDU\LQJ SKDVH jW DQG WKH FDUULHU QXPEHU QW IRU WKHPDVWHU
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ZKHUH * LV WKH GLmHQWLDO RSWLFDO JDLQ~ LV WKH PDVWHU ODVHU
V H[WHUQDO FDYLW\ URXQGWULS WLPHm
WKH OLQHZLGWK HQKDQFHPHQW IDFWRUo WKH FDUULHU GHQVLW\ UDWHbWKH FDYLW\ GHFD\ UDWHSWKH SXPS
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FXUUHQW UHODWLYH WR WKH WKUHVKROG YDOXH - u v RI WKH VROLWDU\ ODVHU w LV WKH DQJXODU IUHTXHQF\ RI
WKH VROLWDU\ ODVHUN LV WKH IHHGEDFN UDWH. x LV WKH FRHpFHQW GHWHUPLQLQJ WKH VSHHG RI DFKLHYLQJ
V\QFKURQL]DWLRQ EHWZHHQ WKH PDVWHU DQG VODYH ODVHUV
2QH FDQ VHH HDVLO\ WKDW ZLWK IRU W\SH RI FRXSOLQJ ZLWK SRVLWLYH . x WKDW WKH GLmHUHQFH VLJQDO
H y  ( z b( { DSSURDFKHV ]HUR DV WKH HUURU G\QDPLFV LQ WKLV FDVH REH\ WKH IROORZLQJ HTXDWLRQ
GH y
GW
 b. | H y  
7KURXJKRXW WKLV SDSHU ZH LQWURGXFH WKH UHOD[DWLRQ RU GDPSLQJ WHUP WR RYHUFRPH WKH QHFHVVLW\
RI LGHQWLFDO LQLWDO FRQGLWLRQV LQ WKH FRXSOHG PDVWHU DQG VODYH ODVHU V\VWHPV
,Q WKH DERYH VFKHPH RI V\QFKURQL]DWLRQ WKH PDVWHU DQG VODYH V\VWHPV
 SDUDPHWHU QDPHO\ WKH
JDLQ ZDV WKH VDPH IRU ERWK V\VWHPV *HQHUDOL]DWLRQ RI WKH FRXSOLQJ IXQFWLRQ WR WKH FDVH RI ODVHU
V\VWHPV ZLWK GLmHUHQW SDUDPHWHUV LV VWUDLJKWIRUZDUG IRU H[DPSOH ZLWK GLmHUHQW JDLQ SDUDPHWHUV
WKH FRXSOLQJ IXQFWLRQ LV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$V ZDV SRLQWHG RXW LQ >@ LQ PDQ\ UHSUHVHQWDWLYH FDVHV FKDRV V\QFKURQL]DWLRQ FDQ EH XQGHUVWRRG
IURP WKH H[LVWHQFH RI D JOREDO /\DSXQRY IXQFWLRQ RI WKH GLmHUHQFH VLJQDOV,Q RWKHU ZRUGV WKH
JOREDO DV\PSWRWLF VWDELOLW\ FDQ EH LQYHVWLJDWHG E\ WKH /\DSXQRY IXQFWLRQ DSSURDFK >@ )RU HUURU
G\QDPLFV H y  RQH FDQ XVH WKH /\DSXQRY IXQFWLRQ
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FDQ EH PDGH VWULFWO\ QHJDWLYH IRU SRVLWLYH .  H[FHSW IRU H    ZH FRQFOXGH WKDW WKH DV\PSWRWLF
VWDELOLW\ LV JOREDO
7KXV EDVHG RQ RXU UHFHQW UHVXOWV ZH KDYH VHYHUDO SRVVLELOLWLHV IRU DFKLHYLQJ V\QFKURQL]DWLRQ EHWZHHQ
FKDRWLF ODVHU GLRGHVDFFRUGLQJ WR >@ LI WKH FRXSOLQJ EHWZHHQ PDVWHU DQG VODYH V\VWHPV LV RI WKH
IRUP
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ZKHUH } LV WKH FRXSOLQJ VWUHQJWK EHWZHHQ WKH PDVWHU DQG VODYH ODVHUV ~  LV WKH OLJKW SURSDJD
WLRQ WLPH IURP WKH ULJKW IDFHW RI WKH PDVWHU ODVHU WR WKH ULJKW IDFHW RI WKH VODYH ODVHU WKHQ WKH
V\QFKURQL]DWLRQ FRQGLWLRQ LV
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+HUH LQ WKLV SDSHU ZH KDYH SURSRVHG DQRWKHU W\SH RI OLQNDJH IXQFWLRQ  IRU WKH V\QFKURQL]DWLRQ
SXUSRVHV ZLWKRXW VWULFW FRQGLWLRQ RQ WKH V\VWHPV
 SDUDPHWHUV
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7KH V\VWHPV SDUDPHWHUV IURP HTV DUH UHTXLUHG IRU WKH DGDSWLYH V\QFKURQL]DWLRQ FRXSOLQJ
IXQFWLRQ ,Q WKH FDVH WKDW WKHVH SDUDPHWHUV DUH QRW DYDLODEOH RQH FDQ DSSO\ WKH RQOLQH SDUDPHWHU
HVWLPDWLRQ PHWKRG ,Q SULQFLSOH WKH QXPEHU RI XQDYDLODEOH SDUDPHWHUV FDQ EH HTXDO WR WKH WRWDO
QXPEHU RI V\VWHPV
 SDUDPHWHUV +RZHYHU LQ WKLV SDSHU ZH FRQnQH RXUVHOYHV WR WKH FDVH RI VLQJOH
SDUDPHWHU HVWLPDWLRQ QDPHO\ WR JDLQ HVWLPDWLRQ 6R OHW XV VXSSRVH WKDW WKH JDLQ
V HVWLPDWHG
YDOXH *  LV GLmHUHQW IURP WKH UHTXLUHG IRU V\QFKURQL]DWLRQ JDLQ YDOXH * :LWK WKH HVWLPDWHG
YDOXH RI JDLQ WKH DGDSWLYH FRXSOLQJ IXQFWLRQ ZRXOG EH RI WKH IRUP
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8QGHU WKHVH FRQGLWLRQV LW LV HDV\ WR YHULI\ WKDW HUURU G\QDPLFV QRZ ZLOO VDWLVI\ WKH IROORZLQJ
HTXDWLRQ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,Q RWKHU ZRUGV IRU *  *  WKH HUURU H ZLOO QRW DSSURDFK ]HUR DV UHTXLUHG IRU V\QFKURQL]DWLRQ
SXUSRVHV 7KH VLWXDWLRQ FDQ EH UHFWLnHG LI ZH DGG WKH IROORZLQJ HTXDWLRQ IRU WKH SDUDPHWHU
HVWLPDWLRQ HUURU H   *b*  WR WKH SUHYLRXV HTXDWLRQ 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1RZ ZH VKDOO GHPRQVWUDWH WKH WKH RULJLQ RI WKH V\VWHPV  LV DV\PSWRWLFDOO\ VWDEOHLH
WKDW WKH V\QFKURQL]HG VWDWH LV DV\PSWRWLFDOO\ VWDEOH ,QGHHG E\ FKRRVLQJ WKH IROORZLQJ /\DSXQRY
IXQFWLRQ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LW LV WULYLDO WR FKHFN WKDW
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7KXV ZH GHPRQVWUDWH WKDW WKH VWDELOLW\ RI WKH DGDSWLYH FRQWURO ODZ ZLWK XQNQRZQ SDUDPHWHUV LV
DV\PSWRWLF
7KH SUDFWLFDO LPSOHPHQWDWLRQ RI WKH SURSRVHG VFKHPH FDQ EH EDVHG RQ WKH DSSURDFKHV GHYHORSHG
LQ >@ ,Q WKHVH SDSHUV LW KDV EHHQ VKRZQ WKDW D VFKHPH RI FKDRV FRQWURO IRU H[WHUQDO FDYLW\
ODVHU GLRGHV FDQ EH HmHFWHG ZKHUH D SHULRGLF VWDWH RI WKH G\QDPLFV LV VHOHFWHG IURP WKH FKDRWLF
G\QDPLFV7KH NH\ WR WKDW DSSURDFK LV WKH XWLOLVDWLRQ RI DQ HUURU VLJQDO ZKLFK GHnQHV WKH GLmHUHQFH
EHWZHHQ WKH FKDRWLF VWDWH DQG WKH WDUJHWHG VWDWH $V WKH WDUJHW VWDWH LV DSSURDFKHG WKH JHQHUDWHG
HUURU VLJQDO UHGXFHV WR ]HUR ,W ZDV VKRZQ LQ WKRVH SDSHUV WKDW RSWRHOHFWURQLF IHHGEDFN SURYLGHV D
VWUDLJKWIRUZDUG PHDQV IRU JHQHUDWLQJ WKH UHTXLVWH HUURU VLJQDO >@ ,W LV QRWHG WKDW WKH OLQNDJH
IXQFWLRQ GHnQHG LQ WKH SUHVHQW ZRUN FDQ EH H[SUHVVHG DV DQ HUURU VLJQDO EHWZHHQ WKH G\QDPLFV RI
WKH PDVWHU DQG VODYH H[WHUQDO FDYLW\ ODVHUV $V WKH OLQNDJH IXQFWLRQ EULQJV WKH G\QDPLFV RI WKH
WZR ODVHU V\VWHPV LQWR V\QFKURQL]DWLRQ WKH FRUUHVSRQGLQJ HUURU VLJQDO ZLOO GLLPLQLVK WR ]HUR 2QH
DSSURDFK WR WKH SUDFWLFDO LPSOHPHQWDWLRQ RI WKH V\QFKURQL]DWLRQ RI WKH SUHVHQW VFKHPH ZRXOG WKXV
DJDLQ EH EDVHG RQ WKH XVH RI WKH RSWRHOHFWURQLF IHHGEDFN
,Q RWKHU ZRUGV IRU WKH SUDFWLFDO UHDOL]DWLRQ RI WKH V\QFKURQL]DWLRQ VFKHPH ZH HVVHQWLDOO\ LQMHFW
WKH DPSOLnHG GLmHUHQFH VLJQDO EHWZHHQ WKH PDVWHU DQG VODYH ODVHUV
 RXWSXWV WR WKH VODYH ODVHU
&RPSDULQJ RXU DSSURDFK ZLWK RWKHU ZLGHO\ NQRZQ PHWKRGV ZH QRWLFH WKDW LQ JHQHUDO WKH SUHVHQW
V\QFKURQL]DWLRQ SURFHGXUH LV GLmHUHQW IURP WKDW RI >@ DQG ZH DUJXH WKDW LW RmHUV PRUH oH[L
ELOLW\ LQ SUDFWLFDO FRQWURO SUREOHPV
&21&/86,21
,Q WKLV SDSHU ZH VKRZ KRZ RQH FDQ V\QFKURQL]H WZR FKDRWLF WLPH GHOD\ V\VWHPV LQ WKH JHQHUDO FDVH
E\ FKRRVLQJ DQ DSSURSULDWH GHOD\ DGDSWLYH FRXSOLQJ IXQFWLRQ:H DSSO\ WKH SURSRVHG DSSURDFK WR
WKH FDVH RI V\QFKURQL]DWLRQ EHWZHHQ WZR VHPLFRQGXFWRU ODVHUV VXEMHFW WR RSWLFDO IHHGEDFN :H DOVR
GHPRQVWUDWH WKDW ZKHQ WKH SDUDPHWHUV RI WKH V\VWHPV WR EH V\QFKURQL]HG DUH QRW DYDLODEOH WKHQ
RQOLQH SDUDPHWHU HVWLPDWLRQ FDQ EH DSSOLHG
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7KLV ZRUN LV VXSSRUWHG E\ WKH 8. (QJLQHHULQJ DQG 3K\VLFDO 6FLHQFHV 5HVHDUFK &RXQFLO JUDQW
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